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Abstract 
The conversion of AFLP bands into polymorphic sequence-tagged-site (STS) markers is necessary 
for high-throughput genotype scoring. Technical hurdles that must be overcome arise from genome 
complexity (particularly sequence duplication), from the low-molecular- weight nature of the AFLP 
bands and from the location of the polymorphism within the AFLP band. We generated six STS 
markers from ten AFLP bands (four AFLPs were from co-dominant pairs of bands) in soybean (Gly-
cine max). The markers were all linked to one of two loci, rhg1 on linkage group G and Rhg4 on linkage 
group A2, that confer resistance to the soybean cyst nematode (Heterodera glycines I.). When the 
polymorphic AFLP band sequence contained a duplicated sequence or could not be converted to a 
locus-specific STS marker, direct sequencing of BAC clones anchored to a physical map generated 
locus-specific flanking sequences at the polymorphic locus. When the polymorphism was adjacent 
to the restriction site used in the AFLP analysis, single primer extension was performed to recon-
struct the polymorphism. The six converted AFLP markers represented 996 bp of sequence from 
alleles of each of two cultivars and identified eight insertions or deletions, two microsatellites and 
eight single-nucleotide polymorphisms (SNPs). The polymorphic sequences were used to design a 
non-electrophoretic, fluorometric assay (based on the TaqMan technology) and/or develop electro-
phoretic STS markers for high-throughput genotype determination during marker-assisted breeding 
for resistance to cyst nematode. We conclude that the converted AFLP markers contained polymor-
phism at a 10- to 20-fold higher frequency than expected for adapted soybean cultivars and that the 
efficiency of AFLP band conversion to STS can be improved using BAC libraries and physical maps. 
The method provides an efficient tool for SNP and STS discovery suitable for marker-assisted breed-
ing and genomics. 
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The use of amplified fragment length polymorphism (AFLP) markers for genetic map con-
struction in plants has accelerated genome analysis and genetic improvement. AFLP mark-
ers have been used to create genetic maps of both small and large genomes (Alonso-Blanco 
et al. 1998; Han et al. 1999), including those of many cultivated crop species (Becker et al. 
1995; Gerats et al. 1995; Wang et al. 1995; Keim et al. 1997; Maheswaran et al. 1997; Qi et al. 
1998). Using AFLP, high-density genetic maps of regions containing economically im-
portant genes have been constructed (Meksem et al. 1995, 200la; Ballvora et al. 1995; 
Thomas et al. 1995). However, AFLP markers do not provide for the high-throughput gen-
otype determination in automated formats that sequence-tagged sites (STSs) allow. 
Further advances in quantitative trait (QTL) analysis, positional cloning and molecular 
breeding will require easy-to-use, sequence-specific markers. The data generated from 
DNA sequencing of several individuals of a species of plant or animal, using STS libraries 
or whole genomes, suggests that we can develop DNA markers for every gene in the ge-
nome (Schuler 1998; Weissenbach 1998; Lin et al. 1999; Collins et al. 2000), particularly sin-
gle-nucleotide polymorphism (SNP) markers. SNP markers derived from genome 
sequencing have been used for saturated map development (Froelich et al. 1999), for can-
didate gene identification (Cargill et al. 1999) and for high-throughput screening (Germer 
et al. 2000). However, their discovery in large numbers requires significant investment in 
DNA sequencing capacity by large laboratories (Germer et al. 2000). 
The AFLP technique (Vos et al. 1995) allows small laboratories to rapidly identify thou-
sands of polymorphisms associated with restriction sites. The AFLP bands can be placed 
on the integrated genetic and physical maps of complex genomes (Klein et al. 2000; Zobrist 
et al. 2000). The AFL polymorphisms include SNPs, insertions and deletions (indels), and 
microsatellites (Bradeen and Simon 1998, Wei et al. 1999). Methods for the efficient conver-
sion of AFLP bands to STS markers may allow the high-density STS mapping of whole 
genomes by small laboratories (Reamon-Buttner and Jung 2000). However, the loss of the 
original polymorphism during generation of the STS and loss of the locus specificity of the 
STS (Shan et al. 1999; Wei et al. 1999) pose experimental challenges in generating sequence-
specific STSs from AFLP bands. 
The soybean cyst nematode (SCN) Heterodera glycines I. causes annual crop losses ap-
proaching $800 million per annum in the United States. SCN resistance can be simply in-
herited; two unlinked genes, rhg1 and Rhg4, provide the major portion of resistance in 
many cultivars (Meksem et al. 1999; Prabhu et al. 1999). SCN resistance can be selected in 
the greenhouse or by using molecular markers. A high-density genetic map has been con-
structed for the two loci that underlie resistance to SCN (Meksem et al. 200la). Three AFLP 
markers—ECCCMATG164, ECCGMAAC409, and ECCAMAGC114—were found to be tightly linked 
to the Rhg4 locus, and three AFLP markers—EATGMCGA87, ECGGMAGA116, and ECTAMAGG113—
were found to be tightly linked to the rhg1 locus. 
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Here we describe the characterization of two alleles of each of these six AFLP markers 
at the nucleotide sequence level, and the subsequent examination of the nature of AFL 
polymorphism in soybean. We also demonstrate the construction of high-throughput 
markers from AFLP band-derived STSs. 
 
Materials and methods 
 
Plant material 
The mapping population consisted of 96 recombinant inbred lines derived at the F5 gen-
eration from a cross of Essex (Smith and Camper 1973) by Forrest (Hartwig and Epps 1973). 
The recombinant inbred line (RTL) population was advanced to the F5:13 generation from 
never less than 300 plants per RIL per generation (Hnetkovsky et al. 1996). Forrest is re-
sistant to the soybean cyst nematode (SCN) populations classified as race 3 and Essex is 
susceptible to all populations of SCN (Chang et al. 1997; Meksem et al. 1999). 
 
DNA isolation 
Soybean genomic DNA used for AFLP analysis was extracted and purified using the Qi-
agen (Hilden, Germany) Plant Easy DNA Extraction Kit. Primary template DNA was pre-
pared using the restriction enzymes EcoRI and MseI. 
 
AFLP marker analysis 
AFLP analysis was performed as described by Vos et al. (1995), except that the streptavidin 
bead selection step was omitted. PCRs were performed using primer pairs derived from 
each of two sets of primers. Primers in the EcoRI set all included the core sequence E (5′-
GACTGCGTACCAATTC-3′) with 1- or 3-bp extensions. Primers of the MseI set have the 
sequence M (5′-GATGAGTCCTGAGTAA-3′) with 1- or 3-bp extensions. The primer com-
binations (EA and MC) and (EC and MA) were used for preamplification of the primary tem-
plate. Three selective nucleotides per primer were used to generate AFLP fragments from 
the secondary templates. AFLP bands were labeled with 33P by primer phosphorylation, 
separated by electrophoresis on 4% (w/v) PA gels, and visualized by exposing X-ray film 
to the dried gel (Meksem et al. 2001a). 
 
Cloning and conversion of the AFLP markers 
Target AFLP bands on the autoradiograph were matched to the corresponding area in the 
gel and the appropriate AFLP fragment was excised from the dried gel. The band was 
eluted from the gel by incubation in 100 μl of water at 4°C for 1 h. Sequence isolation in 
bacterial clones was performed as described by Meksem et al. (1995), except that the 
pGEM-T vector (Promega, Madison, Wis.) was ligated to PCR-amplified, eluted DNA. 
DNA sequencing of clones allowed PCR primers to be designed for each unique DNA se-
quence using Oligo 5.0 software (PE Biosystems, Foster City, Calif.). The PCR product was 
analyzed on 4% (w/v) Metaphor (FMC, Rockland, Me.) agarose gels. 
AFLP markers that were dominant or co-dominant, in repulsion and in coupling phases, 
were used. For dominant AFLP markers, the band representing the dominant allele was 
cloned and sequenced. The corresponding marker for the recessive allele was isolated by 
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PCR using primers designed from the sequence of the dominant band. For apparently co-
dominant AFLP markers, both the coupling- and repulsion-phase bands were cloned sim-
ultaneously from the acrylamide gel. 
 
Identification of polymorphisms 
The general strategy employed to identify the specific sequence underlying AFLP band 
polymorphisms was as follows. If the polymorphism was dominant (e.g., EATGMCGA87), a 
primer pair was designed that flanked each of the unique sequences derived from the 
AFLP band. Each primer pair was used to amplify genomic DNA from both Essex and 
Forrest. Any primer set that revealed polymorphism (dominant or co-dominant) between 
the two parents was used to amplify DNA from members of the RIL mapping population. 
The primer pair that generated a marker on the map corresponding to the map position of 
the original AFLP band was inferred to be the specific marker STS. 
For some AFLP bands the above strategy was ineffective, presumably because the poly-
morphism lay within or close to the restriction site used for AFLP linker ligation (e.g., 
ECGGMAGA116). In such cases genomic DNA from the parents and the mapping population 
was used in a modified AFLP protocol as follows. The pre-amplification step was omitted 
and the step involving six selective nucleotides was carried out with an extended, highly 
selective MseI primer to which we added the first 7 nt of the sequenced band, combined 
with the non-selective EcoRI primer E (e.g., MseI primer M AGAGACT and EcoRI primer 
E). The MseI primer was end-labeled by phosphorylating the 5′ end with 5 μl of [γ-33P]ATP 
(3000 Ci/mmol) for 30 min at 37°C using 10 U of T4 kinase (Pharmacia, Piscataway, New 
Jersey). Any primer set that revealed polymorphism (dominant or co-dominant) between 
the two parents was used to amplify DNA from members of the RIL mapping population. 
The primer pair that generated a marker on the map corresponding to the map position of 
the original AFLP band was inferred to be the specific marker STS. 
 
BAC library screening 
The cloned AFLP bands were used to screen the soybean Forrest BAC library by PCR as 
described by Meksem et al. (2000). 
 
DNA sequencing and BAC sequencing 
Both plasmid and BAC DNA was prepared using the appropriate kit (Qiagen). Sequence 
determinations were performed by the dideoxy chain-termination method using the Ad-
vanced Biosystems (ABT, Foster City, California) Big Dye cycle sequencing method and 
the ABI 377 automated DNA sequencer. 
Plasmids containing inserts derived from AFLP bands were sequenced using M13 uni-
versal forward and reverse primers. Direct sequencing of BAC inserts was performed as 
above with the following modifications: BAC DNA was heated for 30 min at 70°C, and 
sheared by pipetting through a narrow-gauge tip for 2 min. Two primers designed from 
the target AFLP band sequence were used for sequencing. For the EATGMCCA87-positive 
BAC insert, the forward primer, named ATG4BACF, was 5′-GGGTTTCAGATAAC-
CGTGGTCG-3′; the reverse primer was the sequence complementary to the ATG4BACF 
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primer. The PCR conditions used were 95°C for 10 min, then 45 cycles of 95°C for 30 s, 
55°C for 20 s, and 60°C for 4 min. 
 
TaqMan analysis 
PCR primers and TaqMan probes were designed with the PE primer express program (PE 
Biosystems) and were custom synthesized. TaqMan probes were designed for each allele 
using the EATGMCCA87 insertion/deletion polymorphic sites. The fluorogenic primer se-
quences were: for the allele named 1, TMA5-RE (5′-TET-TGGTTTCTCTTATGACATTGTT 
GCC-TAMRA), and for the allele named 2, TMA5-S (5′-6FAM-TTCTCTTATCTTATGACA 
TTGTTGCC-TAMRA). The forward and reverse primers were the same for both alleles: 
TMA5-Forward (5′-d-ATCTCTTGGTCTGAGTCTTAT-3′) and TMA5-Reverse (5′-dTATT 
AACGACCACGGTTATC-3′). 
The assay uses the 5′ exonuclease activity of Taq polymerase in conjunction with fluo-
rogenic probes for each allele. Amplification was performed in a 384-well thermal cycler 
(GeneAmp PCR System 9700, PE Biosystems) using a two-step PCR protocol. Incubation 
at 50°C for 2 min and 95°C for 10 min were followed by 35 cycles of 95°C for 15 s and 60°C 
for 1 min; detection and data analysis were performed as described previously (Meksem 




Cloning and sequencing of AFLP bands 
From each AFLP band we sequenced 4–30 clones (mean 15.6) depending on the sequence 
complexity of the original band. The sequence analysis showed that each AFLP band may 
be composed of a number of different fragments—of identical size—that differ in se-
quence. Overall, in our experiments we detected a mean of six sequences per band, with a 
range of 1–15 sequences per band. In any single AFLP band only one sequence corre-
sponded to the original AFLP marker. The other sequences are bands that share not only 
the same size 209 (within 1–2 bp) but also the same selective bases at the EcoRI and MseI 
sites (100%). Furthermore, some of the cloned sequences from a given band shared be-
tween 6 and 15 bp in common to each side (EcoRI and MseI) of the original AFLP polymor-
phism (about 30% of bands). 
 
Identification of polymorphisms 
EATGMCGA87 was a dominant AFLP band in coupling phase with the rhg1 locus. The se-
quence was used to design primers to screen the Forrest BamHI BAC library by PCR. Under 
these conditions a single BAC clone was identified. Two internal primers were designed 
from the EATGMCGA87 resistant allele and DNA from the corresponding BAC was used as 
template to extend the sequence in both directions from the AFLP marker. Sequencing 
showed that a single 5-bp indel was responsible for the polymorphic band and no SNPs 
were present (fig. lb). No additional polymorphisms were detected in about 1,250 bp of 
flanking sequence. 
  




Figure 1a. Genomic sequences of both alleles (resistant Forrest and susceptible Essex) of 
the converted AFLP markers EATGMCGA87, ECTAMAGG113, ECGGMAGA116, ECCGMAAC405, 
ECCCMATG161, and ECCAMAGC114. The italicized and underlined sequences represent the for-
ward and reverse sequence-specific primers used. The sequences in bold capitals represent 
the original AFLP restriction site. The bold lowercase letters indicate the difference in se-
quence between the two alleles. 1b. Genomic sequences of the two alleles (resistant and 
susceptible) of the converted EATGMCGA87 marker. The sequences in italics represent the 
resistance-specific TaqMan probes TMA5-RE and the susceptible-allele-specific probe 
TMA5-S. The underlined sequences in uppercase represent the TaqMan forward and re-
verse primers, the underlined sequence in italics is the ATG4-BACF primer used for se-
quence extension of the EATGMCGA87 marker, the BAC-derived extended sequences are 
indicated in lowercase. 
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Sequence comparison of both the resistant and susceptible alleles of the co-dominant 
AFLP marker ECTAMAGG113 revealed polymorphisms including both indels and SNPs. 
There were four SNPs within 113 bp and one indel (21 bp) (fig. la). Primer sets were de-
signed around the indel site and used to map its genetic position. The genetic position of 
the identified indel mapped to the same region as the original AFLP. 
Sequence comparison of both resistant and susceptible alleles of the dominant AFLP 
marker ECCCMATG161 revealed SNP polymorphism. There were two SNPs within a stretch 
of 116 bp (fig. la). Primer sets were designed around the SNP site and used to map its 
genetic position. The genetic position of the identified indel again mapped to the region of 
the original AFLP. 
Sequence comparison of resistant and susceptible alleles of the dominant AFLP marker 
ECCAMAGC114 uncovered SNP polymorphism adjacent to the EcoRI site. There was one SNP 
in a 114-bp segment (fig. 1a). 
Sequence comparison of resistant and susceptible alleles of the co-dominant AFLP 
marker ECCGMAAC405 found polymorphisms including both indels and SNPs. There were 
two indels (12 bp and 4 bp) and four SNPs within 405 bp (fig. la). The 4-bp indel involved 
two AG repeats in an [AG]5 complex microsatellite sequence. Primer sets were designed 
around both indel sites and used to map their genetic position. In both cases, the genetic 
position of the identified indel mapped to the region of the original AFLP. 
For the AFLP marker ECGGMAGA116, polymorphisms were found adjacent to both the 
EcoRI and MseI restriction sites (fig. 1a). For the selective step the six selective nucleotides 
were replaced by MAGAGACT and EC. Using this primer set the polymorphism was detected 
on sequencing gels and mapping of this sequence to the same location as the original AFLP 
was successful (fig. 2b). There was one indel (2 bp) and one SNP within 116 bp (fig. 1a). 
The 2-bp indel was the [A]2 extension of an [A]8 repeat. Primer sets were designed around 
the indel and SNP sites and used to map their genetic positions. In both cases, the genetic 
position of the identified polymorphism was identical to the region of the original AFLP. 
 
Examples of the construction of sequence-specific PCR-based markers 
Comparison of the two alleles of the AFLP marker ECCGMAAC405 revealed four SNPs, two 
indels, and one SSR. The insertion of [AG]2 in the [AG]8 repeat of the resistance allele cre-
ated a microsatellite polymorphism we named SIUC-SAG405. The 4-bp difference between 
the two alleles at position 224–228 bp was sufficient to allow discrimination between the 
resistant and susceptible allele after electrophoresis through a 4% (v/w) 
  




Figure 2. A. PCR amplification product obtained using the EATGMCGA87 sequence-specific 
primers TMA5 forward and reverse. Lanes 1–40 contain the genomic DNAs from 40 RILs, 
lanes 41 and 42 contained the parental DNAs. F, Forrest; E, Essex; 1, resistant allele; 2, 
susceptible allele; H, heterozygous lines. The PCR products were separated by electro-
phoresis for 1 h 30 min on a 4% (w/v) Metaphor gel. B. Partial AFLP profile of the 
ECGGMAGA116 marker. The six selective nucleotides were replaced by MseI primer MAGA-
GACT and EcoRI primer E. Lanes 1–6 and 9–20 contained RIL DNA; lane 7, Essex; and lane 
8, Forrest. 1, resistant allele; 2, susceptible allele. C. PCR amplification product obtained 
using the ECTAMAGG113 sequence-specific primers CTA forward and reverse. Lanes 1–40 
contained DNA from 40 RILs; lanes 41 and 42, the two parental DNAs. F, Forrest; E, Essex; 
1, resistant allele; 2, susceptible allele; H, heterozygous lines. The PCR products were sep-
arated as described in 2a. D. PCR amplification product obtained using the ECCCMAAC405 
sequence-specific primers A2D8 forward and reverse: Lanes 1–40 contain 40 RIL DNA; 
lanes 41 and 42, the two parental DNAs. 
 
Metaphor agarose gel (not shown). The 12-bp indel at position 42–54 bp was used to design 
a sequence-specific PCR marker (fig. 2d), and to develop a TaqMan assay for the Rhg4 locus 
(Meksem et al. 2001b). SNPs were found within the ECCGMAAC405. The transversion of the 
T at position 327 in the resistant allele to C at position 337 in the susceptible allele, and of 
A at position 358 bp in the resistance allele to C at position 366 bp in the susceptible allele 
may also be used for high-throughput screening using a SNP-based assay. 
An indel of 21 bp was responsible for the polymorphism between Essex and Forrest at 
the ECTAMAGG113 AFLP locus. PCR-based markers were designed to flank the 21-bp indel 
and shown to be polymorphic, the new marker was named CTA (fig. 2c). 
In the EATGMCGA87 marker the insertion of CTTAT to form a tandem repeat in the Forrest 
allele at position 20–25 bp created a 5-bp polymorphism that was suitable for marker de-
velopment. PCR primers were designed to develop a sequence-specific PCR assay (fig. 2a), 
and the new marker was named ATG4. The same indel was used to develop a TaqMan 
probe named TMA5 to discriminate between the two alleles. 
 
TaqMan analysis 
The EATGMCGA87-derived ATG4 marker was converted to a fluorogenic probe. Genomic 
DNA samples from Essex, Forrest, and 96 RILs were analyzed using the Taqman PCR pro-
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tocol. Four distinct classes were detected based on the raw fluorescence signals of the re-
porter dyes FAM and TET from the “Dye Component” field of the sequence detection soft-
ware (fig. 3). The FAM:TET ratio of the four classes differed by the cutoff used to separate 
the heterogeneous (heterozygote-derived) class of RILs. The fluorescence ratios were as 
follows: no amplification, FAM and TET both less than 6 units; allele 1 homozygous, FAM 
< 7, TET > 7; allele 2 homozygous, FAM > 10, TET < 5; and heterogeneous for allele 1 and 




Figure 3. Detection of the TMA5 (EATGMCGA87) marker polymorphism by the Taqman 
method allows allelic discrimination of soybean genotypes with manual selection of gen-
otypes. Data for 90 individuals from an F5-derived population of RILs from the cross Es-
sex × Forrest that segregate for resistance to SCN are shown. Upper panel The fluorescent 
signals were viewed under the “Dye Component” field of the sequence detection soft-
ware, and the TMA5 genotypes were manually selected based on the ratio of FAM to TET 
signals. Allele 1, homozygous Forrest type: TET/FAM greater than 2. Allele 2, homozy-
gous Essex type: FAM/TET greater than 2. If the TET level was less than two-fold greater 
or lesser than the FAM level, the individual was scored as heterozygous Essex/Forrest 
(1/2). Lower panel The Excel spreadsheet shows the scores for the samples as they were 
arranged in the 96-well plate. There was no DNA in wells H11 and H12. Essex DNA was 
placed in well Al, Forrest DNA in well Bl, and the RTL DNA was arrayed in the rest of 
the 96-well plate (C1 to G12). 1, resistant allele; 2, susceptible allele; 1 and 2, heterozygous 
lines. 
 
PCR followed by electrophoretic genotype determination on 4% (w/v) agarose Meta-
phor gels with TMA5F and TMA5R primers was used to validate the TaqMan data (fig. 
2a). There was complete agreement (100%) between the two methods for discriminating 
between allele 1 and 2. However, the TaqMan assay identified six lines that were hetero-
geneous for resistance to SCN, whereas the PCR-based gel method failed to detect two of 
them. The phenotype of the RILs and the genotype of linked markers suggested that the 
TaqMan method was more accurate for identifying members of the heterogeneous class. 
  




The 30% of AFLP band-derived sequences that shared 6–15 bp of sequence from each side 
(EcoRI and MseI) with the original AFLP marker was unexpected. These sequences may 
derive from the repetitive sequences and homoeologous loci that characterize the soybean 
genome (Shoemaker et al. 1996). They were detected with all primer combinations except 
one, which suggests that they are not derived from a single mobile genetic element that 
carries EcoRI and/or MseI sites. They may reflect convergent evolution of the context of 
EcoRI and MseI sites, the latter are relatively GC rich compared to the bulk soybean ge-
nome. Whatever the mechanism, the phenomenon of context conservation could explain 
the higher frequency of AFLP polymorphism compared to RFLP polymorphism in soy-
bean (Keim et al. 1997). 
Historically, the conversion of AFLPs to sequence-tagged DNA markers for fine-scale 
mapping by primer extension has been difficult (Meksem et al. 1995). Progress has been 
made in distinguishing the “true” sequence that corresponds to the original AFLP marker 
by improved vector ligation (Reamon-Büttner and Jung 2000). However, reconstruction of 
the original polymorphism remains difficult (Shan et al. 1999) since the cloning procedure 
required for the AFLP conversion often contributes to the loss of the original polymor-
phism (Wei et al. 1999). Bradeen and Simon (1998) used inverse PCR as a procedure to 
convert dominant AFLP to co-dominant STS markers. However, the preparation of the 
template DNA and optimization of PCR conditions for each primer-target combination 
limit throughput for inverse or anchored PCR in complex duplicated genomes (Ochman 
et al. 1993). The use of marker-anchored BAC libraries allows AFLP polymorphism to be 
correctly positioned (Klein et al. 2000; Meksem et al. 2000; Zobrist et al. 2000), suggesting 
that AFLP-derived STS markers can be used to verify or fill gaps in physical maps. We 
showed that direct BAC sequencing could generate flanking sequences during conversion 
of the EATGMCGA87 AFLP marker. When direct conversion of the AFLP to an STS marker is 
not feasible due to small band size or because the band is heterogeneous, the BAC clone 
can be used to generate a secondary sequence-tagged site. In addition, physically linked 
microsatellites can be generated from AFLP-anchored BAC DNA to allow rapid conver-
sion to markers with higher allelic diversity (Cai et al. 1995; Meksem et al. 1998, 2000; Cre-
gan et al. 1999). 
Sequencing of plant and animal genomes has changed linkage analysis by DNA mark-
ers (Cho et al. 1999; Germer et al. 2000). However, few allelic variants in crop species will 
be sequenced to high redundancy in the near future. Unless new DNA sequencing tech-
nologies that combine reliability and cost effectiveness are invented, AFLP will continue 
to be used for rapid and efficient genome-wide allele scoring and linkage mapping (Innan 
et al. 1999). AFLP-based genetic maps for most cultivated crop species are sufficient to 
provide the genetic framework for developing MAS programs (Meksem et al. 2001b). 
AFLP-derived STSs can be used to create isogenic lines for fine-structure mapping of QTLs 
or to introgress genes into adapted cultivars (Tanksley and Nelson 1996; Tanksley et al. 
1996). Reliable, co-dominant and cost-effective markers are necessary for high-throughput 
genotyping tasks (Bradeen and Simon 1998). 
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The conversion of AFLP markers to single-locus STS markers physically linked to re-
gions encompassing the two loci underlying resistance to SCN in cv. Forrest allowed fine-
scale mapping in both a large RIL population and a large population of near-isogenic lines 
(Meksem et al. 2000). The same markers were introduced in our marker-assisted selection 
program for generating new cultivar varieties with stable resistance to SCN (Meksem et al. 
2001 b; this work). The TaqMan assay described here was highly sensitive in detecting 
heterozygeneous lines and discriminating between the two alleles (Kalinina et al. 1997; 
Meksem et al. 200lb). Its application in the SIUC breeding program has reduced exposure 
to the hazardous ethidium bromide and decreased the frequency of scoring errors (Livak 
et al. 1995). 
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